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Randall-Sundrum model

(Randall,Sundrum 99)

Graviton

Planck (UV) brane TeV (IR) brane

Higgs
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(ds)
2
= e−2kydx2 − dy2

ΛTeV

MPl
∼ e−kL
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Fermions in the bulk

One can easily explain large hierarchies in the fermion masses.
(Gherghetta, Pomarol; Grossman,Neubert...)

The mass is controlled by the fermion profile, f (y) ∝ e(1/2−c)ky

Small variation in the 5D mass parameter c will lead to the large
hierarchies in the fermion masses.

Large flavor violating operators will be suppressed (Agashe,Perez,Soni...)
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Flavor Anarchy

Coupling to Higgs and and KK excitations are controlled by the
values of the profiles at IR brane

ψ(ci , y = πR) = f (ci ) ≡
√

1−2ci
1−(R/R′)1−2ci

, R′

R = ekL

5D masses are similar c1 ∼ c2 ∼ c3 but the values of the profiles are
hierarchical f (c1) << f (c2) << f (c3)

Masses of the SM fermions: mij =
yv√
2
f (ci )f (cj ) are hierarchical

Mixing matrices are hierarchical VCKM ∼ (Ou
L )ij ∼ (Od

L )ij ∼
f (cqi )

f (cqj )

(Ou
R)ij ∼

f (cui )
f (cuj )

, (Od
R)ij ∼

f (cdi )

f (cdj )
, i < j
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Bounds from low energy observables

KK gluon

d
L

s
L

s
R

d
R

K0 − K̄0 oscillations, ǫK ∼ g 2
5D

f (cdL )f (c
d
R )f (c

s
L)f (c

s
R )

M2
KK

∼ g2
5Dmdms

Y 2
∗
M2

KKv
2

Mkk & 10(5) TeV - Brane(Bulk Higgs) Higgs
(Csaki,Falkowski,Weiler;Blanke,Buras,Duling,Gori,Weiler;Casagrande,Goertz,Haisch,Neubert,Pfoh;

AA,Agashe,Zhu;Perez,Gedalia)
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In the next part of my talk I will analyze couplings of the Higss to
HGG and Hγγ

three days ago on arXiv appeared paper (arXiv:1005.4315 [hep-ph]
(Sandro Casagrande, Florian Goertz, Uli Haisch, Matthias Neubert,
Torsten Pfoh)) where authors also analyzed these couplings.
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Higgs coupling to the gluons

In the SM Higgs to glue glue coupling arises dominantly from the
diagram

G

G

tH

In RS this contribution will be modified by the factor

∼ v

M2
KK

HGµνGµν

top Yukawa coupling is modified
vev of the Higgs is modified
KK modes of all the fermions running inside loop.
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Modification of top Yukawa coupling

H
H H H H H

q
L

d
R

q
L

d
R

q
L q

L

yijHQLi
DRj , λij

H2

Λ2 HQLi
DRj , kQ

ij
H2

Λ2 QLi
∂/QLj

mij = v
(

yij + λij
v2

Λ2

)

QLi
DRj , Yij =

(

yij + 3λij
v2

Λ2

)

h√
2
QLi

DRj

att = 1− Ytv

mt

√
2
∼ Y 2

∗ v
2R ′2

same effect will lead to the flavor violation in the Higgs sector.
(Agashe,Contino;AA,Toharia,Zhu;Duling;Casagrande,Goertz,Haisch,Neubert,Pfoh.)
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Higgs vev shift

W
L,R

(KK)

< H > < H > < H > < H > < H > < H >

Mw 6= 1
2g < H >, < H >≡ ṽ

v2 = ṽ2(1− R′2ṽ2

8R

(

g̃ 2
5D + g 2

5D

)

), (v = 246GeV, SM Higgs vev)

ṽ
v ≈ 1.05 ( R′−1 = 1500TeV, g5D = g̃5D)

If g̃5D > g5D then it can lead to strong modification of the Higgs vev
(Bouchart,Moreau)
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Contribution of the heavy modes

we want to study effects of the particles which are much heavier
then the Higgs field so we can use use low energy theorems

G

G

M
i

H Y
i

α
12π

h
vG

µνGµν

∑

Heavy

Yi

Mi

∑

All

Yi

Mi
=
∂ln (DetM)

∂v
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Calculating Determinant

For simplicity we will start with one generation q -SM doublet, d
SM singlet

M =



















Yqdv 0 YqD1v 0 YqD2 ...
YQ1dv MQ1 YQDv 0 YQD2 ...

0 YD1Q1v MD1 YD1Q2 0 ...

MQ2

...
MD2

... ... ... ... ... ...



















Yqd ≡
∫

dz
(

R
z

)5
q(z)d(z)H(z)

DetM = yqdv
∏

l,n

MQ lMDn



1−
∑

i ,j

[

v2YD jQ iYD jQ i

MQ iMD j

−
v2YQ idYqD j

YqdMQ iMD j

]





+ O(v5)
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In RS we have to sum infinite tower of KK modes

∂ lnDetM

∂v
=

1

v



1 +
∑

i ,j

2v2YDiQj

MQ jMD i

(

−YQ jD i +
YQ jdYqD i

Yqd

)



+O(v3)

i , j refer to the KK modes.

subtracting contribution of the zero modes

∑

heavy

Y

M
= −

∑

i ,j

2vYDiQjYQjDi

MQ jMD i

+ O(v3)
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Performing KK sum

YD iQ jYQ jD i

MQ jMD j

=

∫

dz1dz2

(

R

z1

)5 (
R

z2

)5

·

Q
(j)
R (z1)Q

(j)
L (z2)

MQ j

D
(i)
L (z1)D

(i)
R (z2)

MD i

H(z1)H(z2)

using completeness relations one can prove that

∑ 1

MQn

Q
(n)
R (z1)Q

(n)
L (z2) = −z2+c

1 z2−c
2 θ(z1−z2)+z2+c

1 z2−c
2

(

z1
R

)1−2c − 1
(

R′

R

)1−2c − 1
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Contribution of the KK fermions to the triangle diagram

G

G

M
i

H Y
i

∑

Heavy

Y i

M i
= vR ′2Y 2

∗

even KK towers of the light fermions will contribute significantly

This result is NOT TRUE in the models where Higgs is PNGB.
(Falkowski;Low,Rattazzi,Vichi)
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Realistic Model

Fermions should be in the multiplets of custodial SU(2)L × SU(2)R
(Agashe,Delgado,May,Sundrum)

SU(2)L doublet q =

(

quL(+,+)
qdL (+,+)

)

,

SU(2)R doublets q1 =

(

q
1,u
L (+,−)

q
1,d
L (−,−)

)

, q2 =

(

q
2,u
L (−,−)

q
2,d
L (+,−)

)

LYuk = Y u
5D q̄q2H + Y d

5D q̄q1H
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Ratio of Higgs to glue glue couplings

Now we can present results

HiggsGGRS

HiggsGGSM
= 1 +

v2R ′2

3F (τSM )
Tr

[

Y u
∗ (Y

u
∗ )

† + Y d
∗ (Y

d
∗ )

†]

−att

[

where att ≡
(

1− Ytv

mt

√
2

)

∼ Ȳ 2
∗ v

2R ′2
]

−R ′2v2

16R

(

g̃ 2
5D + g 2

5D

)
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Numerical scan
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Figure: Modifications of the Higgs production from glue glue fusion and
branching ratios to γγ (R−1

≈ Mkk/2.5)
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Summary

Warped extra dimensions with SM in the bulk provide a very
attractive scenario of BSM physics

Higgs couplings can be significantly modified.

KK towers of light fermions provide a very important contribution to
the HGG and Hγγ couplings.

Even for Mkk & 10TeV we can get up to 20% modification of the
Higgs production from the glue glue fusion
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